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We apply ring-diagram analysis and spherical harmonic decomposition methods to compute 3-dimensional power spectra
of magnetograms obtained by the Global Oscillation Network Group (GONG) during quiet periods of solar activity. This
allows us to investigate the power distribution in acoustic waves propagating in localized directions on the solar disk. We
find evidence of the presence of five-minute oscillations in magnetic signals that suggests a non-homogeneous distribution
of acoustic power. In this paper, we present our results on the asymmetry in oscillatory power and its behaviour as a
function of frequency, time and magnetic field strength. These characteristics are compared with simultaneous velocity
measurements.
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1 Introduction
The nature of the propagation of acoustic waves in the solar
atmosphere is important for understanding the interaction
of these waves with magnetic fields that modify the sur-
face amplitude of the propagating waves. The absorption of
acoustic waves by sunspots has been discussed using vari-
ous data sets and techniques (e.g. Braun, La Bonte and Du-
vall 1987, Lites et al. 1998, Norton et al. 1999, Ulrich 1996).
The studies using the techniques of local-helioseismology
have also shown a significant decrease in oscillatory power
in localized regions of strong magnetic field (Chou et al.
2009, Howe et al. 2004, Rajaguru, Basu and Antia 2001).
The observed modulation in power is also affected by neigh-
boring regions and this “neighborhood effect” is discussed
in detail by Nicholas, Thompson and Rajaguru (2004). Ob-
servations further suggest that the amplitude is suppressed
at low-frequencies while it is enhanced around magnetic
field regions above 5 mHz (Jain & Haber 2002).
In this paper, we present characteristics of the oscil-
lations observed in magnetic and velocity signals during
quiet solar activity using simultaneous full-disk measure-
ments from Global Oscillations Network Group (GONG).
The origin of five-minute oscillations in magnetograms is
believed to be cross talk between Doppler velocity and Zee-
man splitting. Since the presence of strong magnetic fields
modulates the power, quiet periods provide clues to the me-
chanism of how the waves propagate in the absence of the
field. For a comprehensive comparison of results, two dif-
ferent techniques, ring-diagram analysis and spherical har-
monic decomposition, are applied.
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2 Data and Analysis
We use high-cadence (60 s) line-of-sight continuous magne-
tograms from GONG. These magnetograms were obtained
in the Ni 6768 A˚ spectral line with a spatial pixel size of
approximately 2.5 arc-sec, and have a noise level of 3 G
per pixel. To study the acoustic power distribution in the
quiet Sun, we choose a period of minimal activity in both
front- and far-sides. Hence we analyze data during 2008 Au-
gust, which recorded more than 94% spotless days. We also
use simultaneous Dopplergrams from the same network to
compare the characteristic of oscillatory power in two ob-
servables. We treat these images locally by applying ring-
diagram technique and globally by using the spherical har-
monic decomposition method to calculate power spectra.
For the ring-diagram method, we used a grid of 128×
128 pixels with spatial resolution of 0o.25 at disk center.
The regions of 32o square (apodized to 30o diameter) were
remapped and tracked for 1440 min using the surface ro-
tation rate of Snodgrass. The Fast Fourier Transformation
(FFT) was then applied to the tracked cube to calculate 3-
dimensional power spectrum (kx, ky , ω). In this method, the
oscillation power within the spectrum is distributed along
curved surfaces that, when cut at constant frequency, ap-
pear as a set of nested rings, each corresponding to a mode
of different radial order n. Figure 1 shows rings obtained at
3.333 mHz for both magnetic and velocity signals.
For the spherical harmonic decomposition method, re-
gions of 120o in diameter centered at the disk center were
selected and remapped into sin(lat)-long co-ordinates. The
spherical harmonic decomposition was applied to produce
a time series of coefficients. The obtained time series were
filtered with a Gaussian filter of FWHM = 2.5 mHz cen-
tered at 3.3 mHz and the FFT was applied to produce power
spectrum.
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Fig. 1 Cross sectional cuts of a three-dimensional ring-
diagram power spectra at a temporal frequency 3.333 mHz
using (Left) magnetograms, and (Right) Dopplergrams.
Fig. 2 Azimuthally-averaged 2D power spectra as a func-
tion of temporal frequency ν for magnetic (solid/red) and
velocity (dotted/green) oscillations. The vertical dashed line
corresponds to 3.3 mHz (5-min oscillation).
3 Results
3.1 Ring-diagram analysis
Figure 1 shows the cuts of 3D spectra in (kx, ky) plane for
magnetic and velocity oscillations at a constant frequency
(ν = 3.333 mHz) for 2008 August 18. It is clearly seen that
the power around the rings in magnetic oscillations is differ-
ent from the velocity oscillations. These slices provide in-
formation about the characteristics of the propagated waves.
The approximate relationship between kx, ky , ℓ and m are
kx ≈
√
m2/R and ky ≈
√
ℓ2 −m2/R, where R is the so-
lar radius and other symbols have their usual meanings. The
total wave number, k, is
√
ℓ(ℓ+ 1)/R.
The presence of partial rings in magnetic oscillations
suggests anisotropic distribution of acoustic power in prop-
agating waves. These were first reported by Hill et al. (2008)
where quiet, sunspot and network regions were analyzed. In
this analysis, it was conjectured that the power in quiet re-
gion might have been suppressed by the presence of neigh-
boring sunspot. Since our analysis is confined to quiet days
and there is no visible solar activity for several days, we
Fig. 3 Acoustic power distribution in magnetic oscilla-
tions as a function of azimuth at a constant frequency 3.3
mHz for three sequential days of observations in 2008; Au-
gust 16 (dashed/green), August 17 (dotted/blue) and August
18 (solid/red).
do not expect the observed suppression to be arising from
the “neighborhood effect”. We also notice that the power
in magnetic oscillations is relatively weak. This difference
is clearly visible in Figure 2 where we show azimuthally
averaged power spectra for both the observables. We do
see a bump in magnetic oscillations at 3.33 mHz but it is
less prominent compared to the velocity oscillations due to
low signal-to-noise ratio. A similar trend is observed for all
days considered in this analysis. As an example, we show in
Figure 3 the variation of normalized power in ring-diagram
analysis with azimuth for three consecutive days. In an ear-
lier analysis using data from NaI D line by Magneto-Optical
Filter (MOF) instrument, Moretti et al. (2003) also found a
significantly low signal-to-noise ratio in magnetic oscilla-
tions. We also find a weak anisotropy in power distribution
in velocity rings.
3.2 Spherical harmonic decomposition method
Here we split the total power spectrum into two components
corresponding to positive- and negative-m coefficients. In
Figure 4, we show the variation of these components with
frequency for magnetic oscillations. In all cases, we find
that the waves propagating in the direction of solar rotation
(represented by +m coefficients) have more power than the
retrograde waves. A similar plot for velocity oscillations is
shown in Figure 5, but we obtain comparable power in both
directions. Hence, in this method again, we find the acoustic
power in waves seen in magnetic field propagating in west-
ward direction is higher than the eastward direction. This in-
dicates that a portion of power is lost when waves propagate
against the direction of solar rotation, however this effect is
prominent in magnetic oscillations due to the low signal-to-
noise ratio. These results support the findings obtained with
ring-diagram technique as discussed earlier.
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Fig. 4 Power spectra obtained from spherical harmonic
decomposition method at different values of ℓ for magnetic
oscillations. The solid (blue) and dotted (red) lines are for
power in waves propagating in westward and eastward di-
rections respectively. Results are shown for 2008 August 18.
Fig. 5 Same as Figure 4 but for velocity oscillations.
3.3 Temporal variability in anisotropy
To study the temporal variability in anisotropy, we plot in
Figure 6 the 3-dimensional power spectra at ν = 3.333 mHz
for the period 2008 August 1-28. Although the anisotropy is
present in all cases, there are variations from day to day. It is
well known that the duty cycle of observations plays an im-
portant role in helioseismic techniques and affects the obser-
vations. Clearly, a low duty cycle will produce noisy rings.
A detailed analysis of the effect of duty cycle on anisotropy
is in progress and will be published elsewhere.
To quantify the anisotropy we define an asymmetry pa-
rameter, P (m+/m−), as the ratio of the power in waves
propagating in westward (prograde) and eastward (retro-
grade) directions. These values obtained from the spherical
decomposition method are plotted in Figure 6. It is evident
that the asymmetry parameter varies with frequency and has
significantly higher values for the peaks in power spectra.
Fig. 6 Magnetic oscillations at disk center for the pe-
riod 2008 August 1-28: (Top) Cross-sectional cuts of three-
dimensional ring-diagram power spectra at 3.333 mHz. The
scales on x- and y-axes are same as in Figure 1. (Bottom)
The asymmetry parameter as a function of frequency ob-
tained from spherical harmonic decomposition method for
ℓ = 275.
These are also found to vary with time. We notice a close
correspondence between asymmetries obtained with both
the methods. Figure 7 shows the power distribution in the
velocity oscillations. As discussed above, there is a weak
inhomogeneity in velocity oscillations but it is not as sig-
nificant as in magnetic oscillations. Hence our analysis of
power spectra for waves in two different directions clearly
indicates that the propagation is affected by the solar rota-
tion that attenuates the amplitude when waves propagates
against this direction.
To study the effect of the magnetic field strength on
the asymmetry parameter, Figure 8 shows P (m+/m−) as
a function of magnetic index for four different frequency
bands. We find a systematic variation in asymmetry param-
eter with frequencies and maximum values are achieved for
the 3.5 mHz band. However, we do not find any significant
correlation between the asymmetry parameter and magnetic
field strength. A statistically meaningful analysis for this
variation is in progress and we believe that such studies will
provide important clues on the absorption of power in mag-
netized regions.
www.an-journal.org c©
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Fig. 7 Same as Figure 6 but for velocity oscillations.
4 Summary
Using simultaneous Dopplergrams and magnetograms ob-
tained from GONG, we find evidence of the presence of 5-
minute oscillations in magnetic signals. The oscillations in
these magnetograms are believed to arise due to cross talk
between Doppler velocity and Zeeman splitting. The impor-
tant findings in this work are summarized below;
1. The signal-to-noise ratio in magnetic rings is low com-
pared to the velocity rings.
2. The anisotropy in magnetic rings appear in two quad-
rants that correspond to waves propagating in the ret-
rograde direction. Thus, in the quiet sun the effect is
mainly due to solar rotation which shifts the frequency
of one half of the ring, thereby decreasing its amplitude.
3. The asymmetry parameter varies with frequency and the
maximum asymmetry is obtained in 5-min oscillation
band.
4. Our analysis do not show any significant correlation be-
tween asymmetry parameter and magnetic field.
5. We do find anisotropy in the velocity rings, but it is
much less prominent due to high signal-to-noise ratio.
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